The first chromosomal characteristics of nucleolar organizer regions (NORs) and karyological analysis of triangle butterflyfish (Chaetodon triangulum) and yellow butterflyfish (C. andamanensis) from Andaman Sea, Phuket and Phang Nga Province, Thailand, were studied. Kidney cell samples were taken from five male and five female fish. Mitotic chromosome preparations were conducted using standard squash technique as well as taken directly from kidney cells. Metaphase spreads were performed on microscopic slides and then airdried. Conventional and Ag-NOR banding techniques were applied to stain the chromosome. The results showed that the diploid chromosome number of C. triangulum and C. andamanensis was 2n=48, and the fundamental numbers (NFs) were 48 and 52, respectively. Karyotpes were present as 46 large telocentric and two medium telocentric chromosomes in C. triangulum; and 2 large metacentric, 8 large telocentric, 34 medium telocentric, 2 medium acrocentric, and 2 small telocentric chromosomes in C. andamanensis. No strange sized chromosomes related to sex were observed. After the Ag-NOR banding technique, one pair of NORs was observed on the long arm centromeric region of large telocentric chromosome pair 21 in C. triangulum and on the long arm subcentromeric region of the largest metacentric chromosome pair 1 in C. andamanensis. The karyotype formulas are as follows: 
Butterflyfishes (family Chaetodontidae) are conspicuous and iconic inhabitants of coral reef environments. The family contains over 130 species (13 genera) with representatives in all coral reef regions (Kuiter 2002) . Their colourful patterns and ease of identification and observation have ensured that the behavioural, ecological, morphological and biogeographic characteristics of butterflyfishes have been extensively studied (Pratchett et al. 2004 , Berumen et al. 2005 . While most butterflyfishes are omnivorous, some species are highly dependent on corals as their main food source (HarmelinVivien and Bouchon-Navaro 1983) .
The triangle butterflyfish (Chaetodon triangulum) and yellow butterflyfish (C. andamanensis) are a member of class Actinopterygii, subclass Neopterygii, order Perciformes, suborder Percoidei, and family Chaetodontidae. Over 37 species (seven genera) of chaetodontid fishes have been found in Thailand (Satapoomin 2011 (Arai and Inoue 1975 , Arai and Yamamoto 1981 , Ojima and Yamamoto 1990 , Affonso et al. 2001 , Hardie and Hebert 2004 , Galetti et al. 2006 , Nagpure et al. 2006 . In the present work, cytogenetical analyses by conventional staining and Ag-NOR banding techniques were carried out on two wild species from the Andaman Sea, Thailand including C. triangulum and C. andamanensis. The study would also improve our understanding of karyotype evolution mechanism and speciation in the family Chaetodontidae , and increase knowledge available for implementation of polyploidy manipulation, hybridization, sex control and other genetic improvements in the future.
Materials and methods
Five males and females of wild C. triangulum and C. andamanensis individuals (body weight ranging from 40-60 g) were collected from the coastal waters of Phuket Province and Phang Nga Province, Andaman Sea, Thailand (two localities) (Fig. 1) . All specimens were maintained in aerated, flowing seawater aquaria until analysis. Mitotic chromosome preparations were made from anterior kidney after in vivo treatment using a method modified from Chen and Ebeling (1968) , Gold et al. (1990) , Kasiroek et al. (2017) and Supiwong et al. (2017) . The chromosomes were stained with 10% Giemsa s for 30 min (Chooseangjaew et al. 2017 ) and identified for NORs by Ag-NOR staining technique (Howell and Black 1980, Sangpakdee et al. 2017) . The length of short arm (Ls) and long arm (Ll) chromosomes were measured and the length of total arm chromosome was calculated (LT, LT=Ls+Ll). Relative length (RL) and centromeric index (CI) were estimated. CI was also computed to classify the types of chromosomes according to Chaiyasut (1989) . All parameters were used in karyotyping and idiograming (Chooseangjaew et al. 2017) .
Results and discussion
Diploid number, fundamental number and karyotype of C. triangulum and C. andamanensis
The analysis of 100 metaphase spreads from five male and five female C. triangulum and C. andamanensis (two populations) clearly demonstrate that the model chromosome number in these species is 2n= 48 in both sexes, and the karyotypes were not previously described (Fig. 2) . Previous cytogenetical reports on the family Chartodontidae have showed remarkable numerical (2n= 48) and structural chromosome homogeneity with several telocentric chromosomes (Arai and Inoue 1975 , Arai and Yamamoto 1981 , Ojima and Yamamoto 1990 , Affonso et al. 2001 , Hardie and Hebert 2004 , Galetti et al. 2006 , Nagpure et al. 2006 .
The fundamental numbers of C. triangulum and C. andamanensis are 48 and 52, respectively. Although most chaetodontid species have an NF of 48, with only telocentric chromosomes in the complement, the number of chromosome arms in the family Chartodontidae varies from 48 to 52. Under the assumption that species with a larger NF (50 and 52) are more advanced in evolutionary terms, the most recent species within the family Chartodontidae would be C. plebeius, NF=50 and C. strigangulus, NF=50 (Arai and Inoue 1975) . However, despite differences in NF, all chaetodontid species share the same diploid chromosome number (2n= 48). Such changes in chromosome arm number appear to be related to the occurrence of pericentric inversions, which are among the most common modifications contributing to karyotypic rearrangement in fish and other vertebrates (King 1993 , Galetti et al. 2000 . In this study, there were found three types of fundamental number, i.e., 48, 50 and 52, in number of chromosome arms in 13 species of the family Chaetodontidae (Table 1) . Arai and Yamamoto (1981) Remarks: 2n=diploid chromosome number, NF=fundamental number, m= metacentric chromosome, sm=submetacentric chromosome, t = telocentric chromosome, NORs= nucleolar organizer regions, CR= centromeric region, SCR= subcentromeric region and = not available.
The chromosome types and sizes of C. triangulum consisted of 46 large telocentric and two medium telocentric chromosomes; and C. andamanensis was composed of 2 large metacentric, 8 large telocentric, 34 medium telocentric, 2 medium acrocentric and 2 small telocentric chromosomes. Cytogenetical analyses of 13 chaetodontid species revealed a common chromosomal pattern that supports the monophyly of the group. This asynchrony between morphological traits and karyotypical pattern evolutionary rates suggests that the speciation process in some marine groups was mainly established by pre-zygotic mechanisms of reproductive isolation (Molina et al. 2002) . The karyotype formulas could be deduced as: 
Chromosome markers of C. triangulum and C. andamanensis From the Ag-NOR banding technique, the present cytogenetic studies of two butterflyfishes species found that C. triangulum (2n= 48) had NORs on the long arm centromeric region of large telocentric chromosome pair 21, and C. andamanensis (2n= 48) had NORs on the long arm subcentromeric region of the largest metacentric chromosome pair 1, which are the marker chromosomes (satellite chromosomes) (Fig. 3) . In all species of the family Chaetodontidae investigated to date, the single NOR-bearing chromosome pair is conserved (Affonso Remark: *= NOR-bearing chromosome (satellite chromosome). Nagpure et al. 2006) . By comparing the 13 species of the family Chaetodontidae whose NOR location have been investigated, three cytotypes of NOR distribution patterns were observed: cytotype I, in which only one pair of NORs was located in the centromeric region of a telocentric chromosome; cytotype II, in which one pair of NORs is located in the subcentromeric region of a telocentric chromosome; and cytotype III, in which only one pair of NORs is located on the long arms near centromere of a biarmed chromosome (Affonso et al. 2001 , Nagpure et al. 2006 ). This phenomenon is not unusual; similar occurrences have been described in other organisms and attributed to structural changes such as duplications and/or deletions (Cross et al. 2006 , Fujiwara et al. 2007 . Therefore, both the diversified types of NOR locations and NOR size variations indicate that certain chromosome rearrangements must have occurred in the NORbearing chromosome pairs during karyotype evolution of the family Chaetodontidae. Within the order Perciformes, the presence of a single NOR pair at an interstitial position seems to be the most frequent situation, especially in species with conserved karyotypes (Galetti et al. 2006 ), if we assume that the presence of a single NOR is an ancestral trait of family Chaetodontodae.
As a consequence, the data above can be used to simulate an evolution hypothesis. The six butterflyfishes species in Thailand apparently evolved from a common ancestor of 48 telocentric chromosomes, similar to the collare butterflyfish (C. collare), vagabond butterflyfish (C. vagabundus), Indian vagabond butterflyfish (C. decussatus), lined butterflyfish (C. lineolatus), and C. triangulum, but in the evolution of the chromosomes of C. andamanensis, one pair of centromeres became divergent by pericentric inversion. Pericentric inversion kept the diploid chromosome number constant but changed the fundamental number to 50 (Fig. 6) .
The two butterflyfish species (C. triangulum and C. andamanensis) from Thailand demonstrated that the chromosome markers on chromosome pair 1 are the largest telocentric chromosomes and chromosome pair 1 is the largest metacentric chromosome, respectively. The important karyotype features are the asymmetrical karyotype. The largest chromosome is two times larger than the smallest chromosomes. The data from the chromosomal checks on mitotic metaphase cells of C. triangulum and C. andamanensis are shown in Tables  2 and 3 . Figures 4 and 5 show the idiogram from conventional staining and Ag-NOR banding techniques.
